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Experimental syphilis in the chimpanzee
Immunoglobulin class of early antibodies reactive
with Treponema pallidum
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Previous studies in this laboratory of experimental
syphilis in chimpanzees have established that the
Fluorescent Treponemal Antibody-Absorption (FTA-
ABS) test and other serological tests for syphilis
become reactive after inoculation with Treponema
pallidum (Kuhn, Brown, and Cox, in preparation).
Samples of chimpanzee sera collected before inocu-
lation and at regular intervals thereafter were available
from these investigations. In the present study we
used monospecific fluorescent antibody (FA) reagents
to identify the immunoglobulins operative in the
FTA-ABS test reactivity which developed following
infection.

Material and methods
Six juvenile chimpanzees (Pan trogolodytes), 2 to 4 years
old, were infected with a strain of T. pallidum which was

originally obtained from a human syphilitic lesion. Details
ofinoculation and the handling ofthe animals are presented
elsewhere (Kuhn and others, in preparation).
The chimpanzees at this laboratory were kept from 8 to

10 months before inoculation, and at no time did they
receive antibiotics. Upon arrival, six oftwelve animals were
reactive in one or more treponemal tests. Based on the
FTA-ABS and Treponema pallidum Immobilization (TPI)
tests before inoculation, we divided the animals into two
groups, as shown in the Table. Chimpanzees 1, 2, and 3
were selected for use as a 'sero-negative' group because,
on two occasions before inoculation, they were non-
reactive in the VDRL Slide, FTA-ABS, and TPI tests.
Chimpanzees 4, 5, and 6 were selected as a 'sero-positive'
group because, before inoculation, they were reactive in
one or more of the test procedures. However, in serum
taken at the time of inoculation, chimpanzees 2 and 3
were unexpectedly weakly reactive and reactive in the
TPI test but not in the other tests. This report of un-
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TABLE First indication of syphilis infection after
inoculation ofTreponema pallidum into chimpanzees

Chimpanzee Positive Tests on whole serum
No. darkfield

examinationt FTA-ABS VDRL TPI
slide

IgM* IgG IgA

1 14 14 14 14* 35 42
2 27 21 21 N 49 PR
3 14 14 21 21 21 PR

4 21 21 PR N 14 21
5 N PR PR PR 7 7
6 N PR PR N PR PR

*Specificity of fluorescein-conjugated antisera to human proteins.
tDays after inoculation that positive result was first found.
*Trace reactivity only.
N-Positive result was not found at any time.
PR-Reactivity found in serum taken before inoculation.

expected reactivity was received after the experimental
inoculations had been made. The significance of this
report of isolated TPI reactivity is uncertain and has been
seen in a few other chimpanzees (Kuhn, Brown, and
Falcone, 1968), and in a small number ofhumans (Deacon,
Lucas, and Price, 1966). Although practical considerations
required us to continue the experimental groups as
planned, the isolated report of TPI reactivity should be
kept in mind as a possible influence on the results we
observed.
The first chimpanzee to be infected (No. 1) was

inoculated in the skin of the back with darkfield-positive
serous material from a human primary syphilitic lesion.
From the lesion which developed, the other five chim-
panzees were, in turn, infected by inoculation of infectious
material into the skin at the base of the penis or into the
left lip of the vulva.
The animals were bled before inoculation and approxi-

mately every 7 days thereafter. Inoculation sites were
observed daily, and darkfield examinations were performed
at intervals of approximately 7 days on lesions which
developed at inoculation sites.

Sera were separated and stored in sterile vials at -20°C.
until use. The sera were then thawed and coded to disguise
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their identity, and samples were subjected to gel filtration
at 4°C. on a 2-5- x 90-cm. column of Sephadex
G-2001, using the technique of Flodin and Killander
(1962), as modified by Julian, Logan, and Norins (1969).
In brief, 3 to 5 ml. samples of serum previously equili-
brated with 0 1 M Tris buffer, plus 1 M sodium chloride,
were placed in the bottom of the column. Upward flow
elution was carried out with the same buffer. The elute
fractions comprising the '19 S', '7 S', and '3 5 S', peaks
and the '9-11 S' and '5 S' troughs were pooled, con-
centrated to 1 ml. each, and dialysed against phosphate-
buffered saline (PBS) before testing.
Each serum, and its various pooled fractions, was tested

for the presence of antibodies reactive with T. pallidum
by using each of three FA conjugates in an FTA-ABS
procedure (Venereal Disease Research Laboratory, 1968).
Fluorescein-conjugated monospecific antisera to human
IgG, IgA, and IgM2 were used to reveal the class of
chimpanzee immunoglobulins reactive with T. pallidum.
Detailed evidence that these reagents are monospecific
against the various human immunoglobulins has been
presented previously (Julian and others, 1969). Each of
these conjugates, when tested undiluted, formed a single
precipitin line in gel diffusion against chimpanzee serum,
and this line gave a reaction of identity with the line
produced by the same conjugate against human serum.
Each lot of tests included appropriate positive and
negative controls. An arbitrary scale ranging from negative
to 4+ was used to score the degrees of fluorescence, with
1+ as the least intensity considered reactive. Samples and
slides were coded before being tested, and all
scored by the same observer. Sera and serum fractions
from all of the bleeding dates of any one animal were
always tested on a single day. A single lot of antigen and of
sorbent was used throughout the study. In this report,
the specific FA conjugate used in the FTA-ABS procedure
is denoted in parentheses following the test abbreviation;
e.g. FTA-ABS (IgM), etc.

Results
Preinoculation sera from three of the six chimpanzees
(1, 2, and 3) showedno FTA-ABS reactivity with anti-
IgG, anti-IgM, or anti-IgA conjugates; therefore,
particular attention was paid to the results obtained
in these animals. After inoculation, all three of these
chimpanzees developed darkfleld-positive lesions and
reactivity in several assays (Table).

In chimpanzees 1 and 2, FTA-ABS (IgM) and
FTA-ABS (IgG) reactivity was found concurrently;
by 14 days in 1 and by 21 days in 2. In chimpanzee
3, IgM reactivity was found at 14 days, 7 days before
IgG reactivity.
The FTA-ABS (IgM) assay became reactive from

7 to 28 days before the VDRL Slide test reactivity
appeared. In two of three instances (1 and 2), the
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FTA-ABS (IgG) became reactive 21 to 28 days before
the VDRL slide test, and in one instance (3) the two
procedures became reactive at the same time.

In chimpanzee 1, FTA-ABS (IgM) and FTA-
ABS (IgG) reactivities were found concurrently with
the detection of a darkfield-positive lesion. At 21
days in No. 2, both FTA-ABS (IgM) and FTA-ABS
(IgG) were found, and an erythematous papule was
noted at the inoculation site. Though it was felt that
the papule might well be darkfield-positive, it was
decided not to perform a darklield examination at
that point in order to avoid disturbing the evolution
of the lesion; 6 days later (27 days) the lesion had
opened, and a positive darkfield examination was
obtained on the serous fluid which could be readily
expressed with gentle pressure. In chimpanzee 3,
FTA-ABS (IgM) reactivity was found at the same
time as was the darkfield-positive lesion, but FTA-
ABS (IgG) reactivity was not found until 7 days
later.

In contrast to the immunofluorescence findings,
VDRL slide test reactivity was not found until 21
days (1), 22 days (2), or 7 days (3) after the inoculation
site was determined to be darkfield positive.

Preinoculation serum from the three other chim-
panzees (4, 5, and 6) showed FTA-ABS (IgG)
reactivity, and two of these sera (5 and 6) also showed
FTA-ABS (IgM) reactivity. These reactions con-
tinued to be present after inoculation. These two
primates (5 and 6) never developed a darkfield lesion
at the site of inoculation. No. 4, with pre-existing
IgG, but not IgM, reactivity, developed a darkfield
lesion by 21 days after inoculation, and began to
show FTA-ABS (IgM) reactivity at the same time.
The FTA-ABS (IgM) fluorescence was usually

less intense than the FTA-ABS (IgG) fluorescence.
The FTA-ABS (IgA) reactivity in whole serum and
fractions never achieved more than trace levels, which
appeared by days 14 and 21 in Nos. 1 and 3.
Throughout this study, the immunofluorescence

testing of serum fractions always confirmed any
reactivity found in whole serum. Serum fractions
never showed reactivity that had not been seen in the
whole serum. In a few instances, however, weak IgA
or IgM reactivity was seen in a whole serum, but the
relevant reactivity could not be found in any of its
fractions. Comparison of the immunoglobuilin con-
centration in whole serum and the derived fractions
revealed that there had been a low percentage
recovery of immunoglobulins in those particular
separations.

Discussion
Scarcity, high cost, and other practical considerations
limit the number of chimpanzees that may be used for
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any one experimental study. Nevertheless, the
phylogenetic proximity of the great apes to man, as
expressed in morphological and immunochemical
terms, suggest the significance of the data obtained
from this animal model in the study of human
disease. We endeavoured, through regular and
intensive observation of an admittedly small number
of chimpanzees, to gather information not usually
available in the human clinical situation.
Our data on these six chimpanzees show that, when

conjugates of appropriate specificity were used, an
FTA-ABS procedure could detect immunoglobulins
reactive with T. pallidum in serum and serum
fractions, at approximately the same time as the
appearance of a darkfield-positive lesion, and as much
as 28 days before VDRL test reactivity appeared. In
two of three animals with non-reactive FTA-ABS
tests before inoculation, both IgM and IgG anti-
bodies were found in the initially detected immuno-
fluorescent activity, while IgM reactivity was found
earlier than IgG in the third. This demonstration
that IgM and IgG antibodies to T. pallidum may
appear significantly in advance of antibodies to
cardiolipin shows an interesting parallel to the
finding that about 86 per cent. of patients with un-
treated primary syphilis are reactive in the FTA-ABS
test, but that only about 76 per cent. are reactive in the
VDRL slide test (Deacon and others, 1966). The
results also parallel the finding that both FTA-ABS
(IgM) and FTA-ABS (IgG) reactivity are found in
humans with primary or secondary syphilis (Julian
and others, 1969).
Even though there are numerous biological

similarities between chimpanzees and humans, there
are several obvious points to be kept in mind in
deciding to what extent the results of this study
apply to human syphilis patients. For example, it is
uncertain as to what extent the site of inoculation
and size of inoculum reproduce the human situation.

Also, we cannot rigorously establish the history of
the chimpanzee with regard to previous treponemal
infection. In a serological survey of 250 chimpanzees
in the United States (Kuhn and others, 1968), it was
found that 10 per cent. were reactive in the VDRL
slide test, 16-4 per cent. in the TPI test, and 15-6
per cent. in the FTA-ABS test. The cause of the
reactivity is unknown, but it suggests that there is an
enzootic treponematosis which affects a proportion
of chimpanzees. Because practical considerations
required the use of chimpanzees that were supplied
by the animal dealer, we call attention to the un-
explained preinoculation TPI reactivity in chim-
panzees 2, 3, and 6, since it might in some unknown
way have influenced the time of appearance or the
class of the immunoglobulin response we measured.

Summary
Sera were obtained at regular intervals from chim-
panzees after inoculation with T. pallidum. By using
monospecific fluorescent antisera in an FTA-ABS
procedure, it was possible to determine the immuno-
globulin class of the anti-T. pallidum reactivity which
developed. In two of three animals, both IgG and
IgM antibodies were found in the initially detected
immunofluorescence reactivity, while in the third,
IgM was found earlier than IgG reactivity. When
conjugates specific for appropriate inumunoglobulins
were used, the FTA-ABS procedure could detect
anti-T. pallidum reactivity at approximately the same
time as the appearance of a darkfield-positive lesion,
and as much as 28 days before a routine cardiolipin
antigen test became reactive.
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Syphilis experimentale du chimpanz6.
Cat6gorie des immunoglobulines des anticorps
r6agis sant avec Treponemapallidum

SOMMAIRE

Des echantillons de serum furent preleves a intervalles
reguliers chez des chimpanzes apres leur inoculation par
T. pallidum. En employant des antiserums fluorescents,
monospecifiques, dans la technique d'un FTA-ABS, il a
ete possible de determiner les categories d'immuno-
globulines responsables de la r6activit6 anti T. pallidum
qui s'etait constitu&e. Chez deux, parmi trois animaux, des
anticorps IgG et IgM furent a la fois trouv6s, d&s le
debut de la positivite de l'immunofluorescence, alors que
chez le troisieme primate la positivite IgM a et6 d6tect&e
plus t6t que la reactivite IgG. En utilisant des conjugu6s
specifiques pour les immunoglobulines appropriees, la
technique FTA-ABS peut d6tecter une positivite anti
T. pallidum a peu pres en meme temps qu'apparait une
lesion positive au fond noir, et ceci jusqu'A 18 jours avant
que l'epr-uve de routine a l'antigene cardio-lipidique ne
devienne positive.


